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(54) Catalyst for purifying exhaust gases 

(57) An automotive exhaust catalyst includes a sup- 
port, which is less likely to adsorb SO x contained in 
exhaust gases thereon, an NO x storage compound 
loaded on the support, and a noble metal element loaded 
on the support. The support is an alumina support with 
a Ti-Zr composite oxide loaded thereon, or is formed of 
a Ti-Zr or Ti-Zr-Y composite oxide. The composite oxide 
inhibits the NO x storage compound, which is selected 
from alkali metals; alkaline-earth metals and rare-earth 
elements, from being poisoned by sulfur, and enhances 
the thermal resistance of the support. Thus, the automo- 
tive exhaust catalyst can effectively purify NO x contained 
in lean-side exhaust gases, even after it is subjected to 
a thermal durability test. 
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Description 

*■ *' " '■ ~ i :; ■ '• •. ..; ' s-'-^Kr- ^lf v.; ^lio" ..; . /irv. ; ? :r*-;v! :■ ■ v;'^:^ r"< ' .v. >.-:>: 

BACKGROUND OF THE INVENTION , .^::.n,rvv.,i:i,;Ty'r;' ^,c; 

Field of the Invention ^ '° : ' ' v - :f ° v ' v - : ' '^r. - ^ ; - :^ 

' — * . < ■•■^ir/J.c^c 3 r:,'^ ;ibi •:" ;J v\\^ •-•>• ;v v'- 

The present Iriv^bn Vel^es fe' p catalyst for purifying jaxSaiust gasjes. Specifically,, itjre)ates to the "catafyst wblprt^ 
can efficiently purif^ nifrpg^n oxti gase£ Mpre ^eQ^^ipai^y, , jt c^lat es^toTthe. catar^! wbich 

can efficiently purify NO x indited in the exhaust ga^y^iq^e oxygen, ^ncertt^^k^m^e than /eguued for com- 
plet , ly qxjdiang reducing gomppnente, such as garl^'n^pnp^e (Cp^p^r^en,^ %d'^ocar^sfl^^); induded 
therein. ;ih particular, it relates to ^n;au^nfii^^ca^y^' which stored KlO x therein in fufelj«n>trjK»herft. and which 
reduces NC^ by H 2 ^ ^~ V I VU. " " 

Description of Related ftrt ^ ^ j'- ij y 

As cataiysts for purifying automofn/e ^ exhaust ga£es, $>ere have been ,employed!3-way c§teiyst|so j^rt^hiprtoxidize 
CO and HC. and simultanepu^ly reduqe ftq x . For ^amp||, trie 3-way catalysts.haye ^een^ 

a thermal r^isi^ sjup^rt ^rrhed of cordierit^ amorous carrier layer formed pf gamr^^aiurnrn^n^ disposed on the 
support;' and a.npble metal element select^ from the group consisting .of' platinum (ft)" ^Itediurri (ftflj ar}d rhodiurn 
(Rh) loaded on the parripr layer. In particular, ftopm'er 3-vi*ay c^alyst has been knojvn in which ceria;(i^lc^fiiim.oxjd^ 
is used togethe> with the support, the .came? i^yer'and the noble rhetaf elemeptof the pr^mS-way catalysts-^ Ceria has 1 
an oxygen storage , capacity, ^ * ' ' 

From the viewpoint of t^ 

bustion engines of automobiles or the like; is at issue: In order to reduce the carbon dioxide; so^ii^j^parplpr^n^^ 
are regarded promising. In lean-burn engines, the air-fuel mixture is lean-burned in oxygen-rich atm^^nerefthe fuel 
consumption can be reduced because lean-burn engines consume the fuel less. Accordingly, the carbon dioxide, which 
is emitted from lean-burn engines as one of the burned exhaust gases, is inhibited from generating " ? " ? ; 

The conventional 3-way catalyst^ purify almost . all CQ, JHq and NQ^at the stoiqhiometric.aii:-fu^I ratio, Hcwevjsr, the 
conventional 3*/ay; q^^ts^q.pof have enough a#iyity to>em^ jtjr^ been 

desired to successfully develop ah automotive exhaust catalyst and a purrfying.system. which can puri^KJCX even under 
the lean condition. ' t . : '■ ; ^^'^ ^ ^S'' r °^''\^'' C ^ ' i; - ; 

Specrf ic^ally the a^yity & | utpmptjf e 5 ^xha%'rataly^"d^^ on the ^fpef r^tio (A?F) exhaust gases. . 
For instance, when the A/F is larger than 14.6; Le., when the fuel concentration to' air is iower than the stoichiometric . 
point (or on the fuel : !ean side), the oxygen concentration is higher than jhe stoichiometric^ point in exhaust gases, In, 
such conditions, the OTriversions of CQ and fic ^ are almdst^ the ^me Jeyel as iri fte 

conversion of NO x is rapidly decreasing with increasing A/F. On the other hand^ when the A/F is smaller trijetfr J 4jB, ie.J- 
when the fuel concentration to air is higher than the stoichiometric point (or on the fuel^ricli s&e). the oxygen ^ d^entratioa 
is lower than the .stoiphiometric point in exhaust gases. In such ^n^itions^^ cwnWsipr^ o^Cdand HC ^ are rapidly' 
decreasing with decreasing A/F- 5 but the conversion of NO x is almo^atibe^m^Wd 

Moreover, when driving automobiles, especially when driving autpmobiies)n urbaaarea^ ! the autompbfles are accel- 
erated and decelerated frequently. Consequently, the air-fuel ^ values , 
adjacent to the stoichiometric point (air-fuel ratio:"l 4.6) to the fuel-rich side (La , in b^yg^ieah atmosphere). In order [ 
to satisfy the low fuel consumption raquirement during the driving ^conditions, such ^sjntfte abov^escribed;' urban 
areas, itls necessary id operate the autorrjiobil^ on the fuel-^ 
excessive as i^silDleJs/suppji^J tbjhe engines. Hence. inv^ 

also desired to develop a catalyst which is capable of adequately purifying NO x even op thsl^Heariside'ip.e. Jn oxygen- ' , 
rich atmosphere)., V v ) ; ' 1 ' ^ ~. ,w :i ; " r: 

Under the cirpum^anp^s/ the applicants of the present jfwentio^ With,the r , 

Japanese Patent Office/ For example, Japanese Unexamined Patent Publication" (K6r^i).Na 5-31 7,652 discloses an " 
automotive ^haus^catalysi in which an afkalinere^rth m^tal and Pt are loaded fori a.wroussupf^ including al^ ; 
or the like. Japanese Uhe^ (^0|<AO NPr i^es.seo^isci^ 

in which rahthahum (La) and Pt are ioaded.ph a porous" support! In these catalysitej dunVg the;.fuel-lean side.'jfi^, in \ 
oxygen-rich atmosphere) driving, NO x is stored in the alkaline-earth 1 metal and lantn^ura: the aikaline-earth metal and 
lanthanum are hereinafter jeferred to as an NO x Ertocaqe compound v During the stbicKiommric^ . 
sition area driving, which can be cTassif jed a? the fuel-rich; side (i.e;,. in oxygen-lean atmo^ere) dri^ng^^ NO x ; . 

reacts with the reducing agents such as v HC, CO^etd: "ja*be .purlfi^ci. As ar^esult, ih*^ 
purifying performance during the f uel -lean side (i;e., in oxygen-rich a^ f , 4 \' ; 

The catalyst, for instance, proposed in Japanese Unexamined Patent Publication (KOKA]). No. 5-^1 7,652, jL^ belieyed 
to provide the advantageous effect as follows; namely: the barium, one of the alkaline-earth metals, is loaded as simpV 
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carbonate on the support, and it reacts with NO x to produce barium nitrates, e.g., Ba(N03) 2 . Thus. NO x is stored in the 
NO x storage compound as the barium nitrates. 

However the exhaust gases usually contain sulfur dioxide (SOz) gas which is produced by burning sulfur element 
(S) contained in the fuel. Further, the catalyst ingredient oxidizes SO z to sulfur trioxide (S0 3 ) in oxygen-rich atmosphere 
(i e on the fuel-lean side). Still further. S0 3 reacts readily with water vapor, which is also contained in the exhaust gases, 
to produce sulfite ions and sulfate ions. The sulfite ions and sulfate ions react with the NO x storage compound to produce 
suBrtes'ahdsulfates^ 

which is effecfed'by 1heNO x storage compound. As a result, the catalyst disclosed in the aforementioned Japanese 
Patent Publications 'rhight' be poisoned by sufiur to 

In particular, when We"rto x 's&rage- compound is turned ^Sulfites and surges, m NO x storage compound can . 
hardly stdre Nb x s therein.' Corisequ'entjy. the <»tal'ysts''prbposed in the* aforementioned Japanese Unexamined Patent 
Publications might suffer from a drawback in that it exhibits the NO x purrfyirig performance unsatisfactorily after it is 

subjected to a durability test. ..... _^ '■•<■■. > 

In addition the catalysts disclosed in the aforementioned Japanese Patent Publications employ activated alumina, 
which has a good adsorbing capability, as their support. The support made of activated alumina is also likely to adsorb , 

SO x thereon/'AcOTrd^ •••• r : ..-j.-. 

To solve the aforementioned r probiemVthe"ittventors of the present invention thought of using a support formed of . 
titania (i e., tiWum oxide), which'is less likely to adsorb SO x thereon, and carried oirf a series of exp^rimen^^ According 
to the expeVimer&; 4 the* irwentoTs found that SO x is less likely to be adsorbed on tbe support mad ; e of trtana, and.that , 
SO x flows to ^downstream side' as R is. th'^;' a catalyst ihcliiding such ti'ttgfjort v««s. poisoned by sutfur to a lesser ., 
extent because only the ^&moS&&^Vv&» mental catalyst ih#e«ert<^e^,fe-oiicft»d. However, the 
inventors noticed thatthec^alysfiribtidingto of titania has the following detrimental drawback; namely: . 

it showed inferior initial ca^jytkfatMiel;, and" fj^pf to e^ibit unsatjtory NO x purging ^rfpfmance_atter it is ., 


30 


subjected to a>raBijj| te& . to)r iftRv c „; u . rr • a ., : 

SI IMMAF^ QF^HE-INVEm-I^N^ *Jj 7k* '^,C?7^ 


ThepWenYihVeritfonWb^^ 
irwertionlb proT.de 

compbund'is inhibTtedlrb^beirfplas^hea b/sulfur, and wTto's'6 NO x purrryTfTg performance is kepi from degrading even 
after it is subjected to a durability test It is another object oj the present invention to improve a support.so as to be less 
likely to aas&ito r Sd x -^eon.\h^^S<^^ an autortiotive e^au^c^talyS. 'which is inhjbfted fcom being poisoned 
by sulfur. - ' " 


ac'cordarxie withthefirst aspect^ ^ 

ms. In a.first;e>rtb^rm . , 

analunwialiuppbit? .* «I.U v ^ : '^Nj.-rV<--ci-"-:.;v--i- •. - i*.: ~ ar 

a ti-Zr com|>bsrte oxide loadect bhihf alumina Support^ ' _■ ; tt , • \,--v-- ; -Uu 

at least one m^or&^'dSi^^ frbrri ihegiblip .copastirig of alkali metals, alkaline-earth metals 

and W6$^$ami$te. loa^^oH ^^8^.1^^^^' .? . •.. • >~.W*. 

ao a nobfe^t^ : eiSt^o^ryJ8if this aliiYrfAa sT^port^";'' V,.," ./,".V..',; . 

Inthetirst aspect thl entire T.-zf 
oxide, burapart tn^eWc^^^qrrt^Sfite oxid&. ! ' c , " ^ / V- V' - J: L '.-^ j^«v~ . -v 

In tfirfirst aspSitf fheii-Zr compete Oxide isl&o-e^on the alumina supp^tThe loaded TO composite oxide 

can increase the' rm^S'i^^^^'^^ ^ » fe &^&?«>&}** * *• 

45- aluminalupporTbyehl^^ 

is inhibited frSm being su'bfected fe thi' : suifur poisoning, which results from the SO x adsorption. , 

Concerning the NO x in the exhaust gas, a majority of the NO x is stored in the NO x storage comppund, wh.ch is 
disposed oh the alumina support ; uhdfef Mgen-rich atmbsp^ere.; the term "oxygen-rich atowsphere* mejns, atmos- 
phere in whtch oxygen concentrations are atiove-a stpichidmetric point that is required for oxidizing, cornjoonents to be 

so oxidized S the eVaUst gas. Then; th^^^ 

NO x is reTeai&d ahd pbrffied byureacBbri wHK HC'and CO in the exhaust gas"under 5 stoichiometnc atoosphere or, fuel- 
lean atmbsphere: the fe;m "stoichi^^b atmosphere or fuel-lean , afmb^ere^^ieans atnpsphere. "in which oxygen 

concentratfcns tJ arebetowthe'sfo^^ V . 'v y .^y-:-: M -Af z- s • <> 

In the'fifst aspect; the feeing 1 arrAjM : bfthe;Ti-Zr «>mp0^e oxide preferably fans in a range o^fronr 1 to 80 grams 
55 with re8pe^toM^gi|n^W#feaitim^ grahi. the resulting automotive 

exhaustxalaiyWis pa^^ exhibits degraded NO x purifying p^rfbrmanc after a durability, test. When 

the loading amount, is. more than ,80 $ams; the resulting automotive exhaust catalyst has unsatisfactory initial NO x 
purifying ^erforiron(».' and exhibits^ 
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t TTt Ti " Zr composite 03dde P^erably contains.!; ina range of from .1/9 ta9/l. byTOolarratio with respect to Zr When 

and Z J a^qomRosfted outside the ra?ge.Jhe^ect.(Le.: ^ 
composite oxide tends to be produced less. - ■ ^ * -¥ , .^.""a Tromjie. 

s ron C L!nn ^.^P^*^ ^.storage compound is loaded on,the alumina support, a,nd is selected from *e group 
5 consist ng of alkali metals, alkalme-earth metals and rare-earth elements. The term "alkali metals" means elements oi 

£2*nl ' fS" <X S? ,b,e » ** elements - As for *» metals - * '5 possible to exemplify Jithium <Lfr sodjum 
^a),pota^(K),, r ^ 

of Group 2A.ntheper.od,ctableof ; tb 

bjnfrim (Be^rna 0 .n^.um^),xaWum <Ca),.and. ^m,(^..^rm ^^^J^^sJ^' 
10 (Sc). yttnum (Y), lanthanum CM^^.chemical.elen^ with^tomic nwi*>ers'.S? to * ' ' ' '"' 

mT! 16 ! ° adin 4 9 . ^ ^.^9^ m upd^ef & ^y fate^a^ao^^Wto'oi^wwith respect 
to 100 grarns of the alumina support .When the loadingamount isless than 0.05.mdes>e resulting a^omo^e exhaust' 
catalyst has.detenorated.NO, purifying performance/When the loading ~w^Al&o%^t?E!& 
automotive exhaust catalyst exhibits degraded oxidation activity — - - -. . .. . «? -esuinng, 

is In the first aspect, the , noble metal element is.loaded on the alumina.support.-The nobje metal 'element can'beat" 
least one^element sejepted.from the group consisting of platinum (Pt). palladium (Rd)^and rhodium (Rh). The loading 
amount of platinum ano/or palladium preferably fallen a range of from O.tteaoo.grams. further preferably from <) 3 to ' 
10.0 graxns..w* res P ectto.100grams of the alumina supw^ 

purifying capability of the resulting automotive exhaust catalyst is degraded initially and after a durabilitvtest When the 
oading amount is more than 20.0 grams, not only the catalytic elf ect of.platinum and/or; palladium is saturated, but also' 
the excessively loaded platinum and/or palladium cannot be utilized effectively ' .«*«<wo. 

fromTr^Tn I" '° adin9 i m ° Unt 01 modi M m Preferably ;falis in a range of from 0.001- 0 grams; further preferably^ 
1Z T Ln °' 5 °T* .f 601 * 0 Wq QramS ^ ^ umina WPrt.:Whaq the loading amount is less than 0 00? 

N °x Purling, capabilrty of the resulting autornqtive^exhaust cata'lystis dimac&jnHialy and after a durability . 
•Sl^SSfiF?? ampuntjs more. than 1.0 gram, .the^us Joaded rhpdium advercely,affects to deteriorate the 
catalytic effectof platuium and/pr palladium, which, are loaded, together wjtb rhodium. It is furthermore preferred that 
r^umbeuse^ together with platinurnan^^ 

££?- UP3 ^? resp^^e.loading arnqunt otptatinurn and/or palladium.,** example; the rhodium is .preferably 2 .' 
loaded jn.a molarra^^f .i^ or less, furth e r,preferably. 1/5,^ less, withrespeci to the piatihum anoV* WpaLiium, 

In the first aspect, the loading order of the ^ composite pxide.-the NO x ^oraie;cornfi>und.and {he noble-metal 
^r^*^* - ^that. hp^eyerjt^eferred to loa^the.nTpTe rS eien^vCaiuS 

support after the Ti-Zr composrte ox.de is loaded thereon in order to highly disperse the noble metal element thereon ' 
a , JJf having ^ ee 4 n described so far,in accordance with the first aspect. the ;; NO x storage- compound of the resulting - „ 
automotiveexhaust^telystcanbeinhibitedfro^ 

catalyst can ; keep exhibiting high. NO x purifying performance even after it is subjeci^o a durabilL !^t * ^ ' 
In a second aspect of the .present invention, an automotive exhaust catalyst comprjses- " ' ' ' " 
a suppo/t inclining a composite oxide, the' compete oxtfe^ng' formed of titanium^) and zirconium (Zr)' •"" 
an . m at lea g one -N^^storage^comppund selected.frpm the group consisting of alkali metals, alkaline^earth metals 
and rarerearth elernents, loaded on the support; and : . .,,.V;, r ... ; ; . V',' . c f ^ - 

40 a n6b|e metal dement loaded ^^'on the suppMart. ' "'\ ['...[ "' :!T J,r - 

In the second aspect; the suppprt'^ apde. Whe}i the suw^rt-inciudes cornposite oxide 

which -s.formed of «anium : (Ti) and zirconium (Zr). it is. less likely to,adsorb the suffatearSulfite ions iheSSS ''. 

S Kin 6 ' ! Ve " rf the SUPp0rt adSOrbS the suJfate and Sulfite ions thereon; th^adsorbed . sulfate and sulfite . 

Concerning the NO x in the exhaust gas. a/majority of .the N&js stbredTn'the N^storage impound., which is . " 
*i^ t £** 8 ^^'?2? enTflCh atm0Sp ^ ere - T*** exhaust gas is mon^ily changed-from oxygen-'" 
SJSomt \ * ^ 0x iS released a ^ Wr»ied by a reaction y,ith\HC 5 and,Cb in the exhaust gas mder : 

stoichiom.etnc atmosphere or fuel-lean atmosphere. ... .' , ,v». ... 

1 '° nS ^ br0U9W ' m ° cortacl with each other ^ reduced probabiC and the NO x storage compound " 
is inhibited from being poisoned by sulfur. Whereas, the NO x storage compound and ; NO* are brought into contact^with , 

p^^^bST 8 Pr0babHity ' >tocordIn9ly ' 1)16 Present autbrnotive exhau^-ca^tsW^lh-teinis of NO x 
55 n^S ad f! tion : whe "j he swortjsformedofthe^ 

11 " Th ^ ^ ° f h ^ rSSiStanCe and 3Cidity - HenCe " *e support formeK*e T/zr co^^^ 
is effective both .n the improvement of catalytic capability and in the reduction of SO x adsorption. 'The thus reSced SO ^ 
adsorption eventually results in the prevention of sulfur-poisoning. x 
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In a third aspect of the present invention; an automotive exhauit dataiystcbmprises? * " v> " ' * - ; 
tfsupixirtiridudihg 'a c^ oxicfe to^hg^rrried'of trtahiufrt (Tf), zirconium (Zr) and 

yttrium (Y); - - - ^ : - - ■ :*.*- 

at least-one NO x storage tdffipound sefectfed frdm th§<gfbujTGonsi§tirtg of alkali metals r alfoline-earth metals 
5 and rare-earth elemerrts/ load etfGtv the support; and-" 1 ' - ;r a c . > . „v />:• r. • 

a noble metal element isaded on the support. f ^ ' ^ - > r *CT^ ^f-?- , rxvo* : : : 

Thus, in the thirtffespect, tHe su^ort i^friadi by further cpmpo^rtirtgihfe suppdrt, employed in the ? secohd aspect, 
with yttrium'(YJ. Hence; in the suppc^ anatase type to 

the rutile type. In othar'words; th£ sp&ific Surface area' of the suppdrt'is* coritrblled so as hot to'decreas'efAfe a result, 
io the automotive exhaust catalyst of toe tffi^^ . . 

Concerning the NO x in the exhaust igbs, a nfajd^ stored^ i?r : the ; fiOj< : st^ which is ' 

disposed on the support under oxygeVi-^ich atmosphere: Thfen, the exfiau^Qasis momentarily 'chahbed from oxygen-' 
rich to ftierf-ricli; and the stored is released and purified by Vfea^orf With Wb arQ*c6 in the exhaust gas under 
stoichiometric atmosphere or fuel-lean atmosphere. ^ c : : c*^t ^ **. \? . , «.< • i 

75 The^cornpositing ratio of 7i 'ana v Zr, which constituted ttife iupprarti^S^otiimifed in particular, islot^-thafi hbwever/it* ** 
is preferred thatthe composrte f c&id^ the Zr in a range ofYrom 0. r 2*tb d.5 by molar ratio with reject to r the Ti 

and Zr. : When the compositing ratio' falls outsicfe the range, the support ! has a' reduced spedfi^Surface area, and its 
acidity (i.e.; the humfaer of acidic sites) canribtHncrease as expected. 'Ai &%suif, the Ti-Zr of Ti-Zr-Y cbrr^osite'oxide ' 
support cannot operate' and effe^ * v - c ~ '* ' : - ' ' ' : ' 

20 TheTi-Zr or Ti-Zr^Y composite oxide Support can be coated as a'carrier fayer on a surface of a -monolithic support * 
substrate, a metallic support substrate or a pellet-shaped substrate. Moreover; a monolithic support substfatePor a pellet- 
shaped ^b^ate can be fbriiied of the ll^Zr or ^ " : - ' 

In the second or third aspetf ,;simifarty to thelirst aspect, the Kf& x storage compound* is loaded on the Ti-Zr composite v 
oxide support or the Ti-Zr-Y con^osite^oxide su^pbrt. ahd is selVct^Wrh^ gr^p'cohsisting^bf alkal? metals, ^alkaline- ' 
25 earth metals and rare-earth efemerits: Theter^ ^lfcairmietars n t ^afl^(ine-earth metals' find "rare^fth elertfertts" 'have 
the same meanings as'aforerHehtioned, andean be'ex^mpWIed b/theiifements menfidrifed ^rli£h ; 1 r: : ' .v^ f -- 
In the secbrid or third a^pectr the Ibdding "amountdf the! N© x storagfe compound preferably fafelh^^r^ge 6'f from 
0.05 to 1 .& mole with resjeieeft to 100 grams of the^Ti-Zr drTiWf 6otP&Wt>^ aM>unt 
is less than 0.0*5 rribles, the'bveratf N6 X storage tS^Scity is $6)8w that thf Resulting a&orridtivS ex f h^st batafyst has ~' : 
30 deteriorated NO^pufifyirig perfofmance: When the loading amoliht is f TTidre thaif 1 [b mbfe/^of bnl^the bvkra\\ N0 X 
storage capacity is satarated; but also the resulting automo^e exhausf ddt^tygt plirifres : UcS sbH^s that HC is emitted 
in an increased amount * " "' i '' , ^' > 4 % - : * ^'^-^^ ^ ^ " ( • ^ "'Cp^ ' ' 

In the s'ecdAd of third aspectr the' ^hdbte metal elemenf/loaded'on ithe "n^Zr^r Ti-Zr : V cbm^sitebkidfe suppbrt. can * 
be at lea^t one-element selected f rdnrf the group corisisting^of platiniirn t^i 1 ]^^ gold (Au) ^id 

35 silver (Ag). Note that it is especially preferrlKl to select Pt The loadihg i Irhouht of the ribbte mfetal events preferably 
falls in a range of from 0.2 to 40.0 grSnsr further preferabl y from" 1 :0 r t6 grarWs; with resp&tio 100 grarrts of the Tl-" : * 
Zr or Ti-Zr-Y' composite oxide suj3pdh: 'Note that; when the'te noble m^ai Wmen^ W'converted 'if 

the value with respect to lirterbfthe ehtire Volume bf the resulting autbmdffvfe exhkust catalyst, ^ preferably fallsMh a 
range of from 0.1 to 20.0 grams, further preferably from 0.5 to 10.0 grams: 1 When die Ibdding amount fe ies§ ! tharro;i 1 *• 
40 gram with respect to 1 liter of the entire volume of the resulting automotive r exhaust catalyst; Urie rfeulting^acftbmbtive * 
exhaust catalyst does' not Exhibit cafal^tic activities pra'rt^aHy.'Whehlhe loading ambiinfis rfibre thari 2b.0^rarrei with 
respect thereto; the loaded noble metal element does nbt exhibitifs catalytic activities effectively, and the resulting autb- : 
motive exhaust catalystis little Im^oVed in terms ^of catalytic activities. ' ' ' " t{ ' * ' ' ' > v * 3 " 

Simnarly to the conventional automotive exhaust catalysfe, the MO x stbrage compound and the nbbfe metallelemeht 
45 can be loaded on the Ti-Zr or Ti-Zr-Y composite oxide support by an ordinary process, for instance^ art rm^fegfiatibn : 
processra spraying processor a slurry hiding process, by using' their c • - % - ' ' " r 

In accordance with the second|i^Sect ofthe present invehtiori;'the resultihg automotive exhaust catalyst is extremely ; 
durable inlerms of NO x purifying performance, because the ^NO x storage cbnr^ound is inhibited from bfeihg'poisohed 
by sulfur In accordance with the third aspect, the resulting automotive exhaust catalyst is further irriprdvedin terms of 
so heat resistance, and is furthermore ehhanc^ irf terms of durability/ ^ ;l - - * • - •■' - * 

detailed;descrf the preferred embodiments ^ - ; _^ • ; f ; 3 /^v;v ;;. 

Having generally described the present invention, a further understating can be obtained by referenced the ' 
55 specific preferred embbdimentewht^^ for purposes df iHuistration only ahd ar^'nbt intended to limit 

the scopVof the'appended claims. 0 b - nr : ^ ; ' ' ;i 1 - f} \ ' ' - 
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First Preferred Embodiment . 


600 grams of an alumina or active alumina powder was immersed into 1 liter of a dinitrodiammine platinum aqueous 
solution having a predetermined concentration, thereby preparing a slurry.. The resulting ^lurry^w^s dried to evaporate 
5 the water content, and thereafter .was calcinated ;at,;250 } °Q for 1 hpiir, Thus,^,J^-!(^ec^ ^PJ'P?' ?f alunriina.,-, 
powder was prepared, in which Pt was loaded irv^n" amount of 2.0 grams with respect tal 2Q ( grams* of the aluminaqr 
active alumina powder. .. h r ... , ;t; « ; .. ri - r v.; ..v.r - -: ? < 

The Pt-loaded .alumjnapractiye alumina powder was added to ^-propanpl to rpix^ard^irr^d ther^n a^O f C for 1, s 
hour, vyhile keeping on* stirring the resulting mixturaa;} 80 ?C, tetraisopropyl Jitenate and^ircQniurrj t^rarn^utoxlde^w^s ifi 
simultaneously, added to the mixture. Note that, when simujteneousjy addingletraisoprppyljrtanate.and zirqpniu|n tetra.- 
n-butoxide, they were not added : at onejirne, butwer^ mixed, and add^ three t[me$ fraction by .fraction. Jfoe resulting 
mixture was further stirred af 8tf °C for 2 hours, and cooled to room temperature. Thereafter, a powder wa£ : segaFateci , 
from the cooled mixture by filtration. Finally, the resulting powder was dried, and calcinated at 500 °C for 1 hour. Thus. 
Ti and Zr elements are loaded on the alumina or active alumina powder as Ti-Zr composite oxide. Note that, on the basis 
is of the metallic conversion, Ti was loaded in an amount of 0.48 moles with respect to 120 grams of the alumina or active 
alumina powder, andZr was loaded in an amount of 0.12 moles with respect thereto. . , . ;V v* r <■ 

The resulting alumina or : active alumina powder .\yith the Pt arid TlrZr^composite oxide loaded wasxriarged into a 
barium acetate aqueous solution having a pred^ermined.concentratiqr). T^e resulting;^ 

dried to evaporate the water content. Thereafter the residue was calcinated at 500 °C for 1 hour, thereby preparing an 
20 alumina or active alumina powder with Pt, Ti-Zr composite oxide and Ba loaded. Note that, on the basisi.pf the rnetallic 7 ^ 

conversion, Ba was loaded in an amount of 0.30 moles with respect to 1 20 grams of the alumina "or active alumina powder. 
979, grams. of the thus prepared alumina or active alumina . powder with. Pt, ; .Ti-Zr composite oxide and Ba.loaded,, 

680 grams of an alurrjina sol including alumina in an amount _of 10% by weight, , arKl 290 grams of, water were mixed, - 

thereby preparing a. slurry forpoating. Then, ^plurality of honeycomb ^ 
25 immersed into the slurry, and thereafter each of them was blown to blow away .the slurry in excess. Thereafter, each of . 

the support substrates wasdrjed, and was calcinated at 500 °C for 1 fcour, thereby preparing a^support having a coating . 

layer thereon. Note that the coating layer was formed on the support substrate in an amouniof Igp grams with respect r - 

to 1 liter of the support substrate. Thus, a plurality of automotive exhaust catalysts were prepared. Note that, as set forth 

in Table 2 below, Pt was loaded on the support substrate in an amount of 2.0 grams, Ti was loaded in an^mount of 0,48 v 
30 moles, on the basis of the metallic conversion, Zr was loaded in an amount of 0.12 moles, on the basis of the metallic 

conversion,, and Ba was loaded Jn an amount of 0.30 moles, on the basis of the mel^lJiCiConversion, respectively^ with 

respect to 1 liter of the support substrate./ ( . ,„ , , * , 1( >, x _ : >,. : ;,.^ ; - f : -r" , ■ > .v- :■*:•? 

Second Preferred Embedment > , ( ,. .- v , ^r^.>v : ^-- w: i , : 

35 v ;i H •>:.:■' Z^i :. , '* Xr-. " C ^* " T * l r *- ' TibO-Tr -. — ; ' ■'' . 

Excepttaat Ti was loaded, in an ampuntOT 0,-30 ^ moles, pn the basis of trie metallic cegiversion, and Zr vyasJqaded ^ . 
in an amount of 0.30 rr©^ metallic conversion, r^pepti^ely, , with refpect to ; 1 iiter ? qf thejSuppqrti^ 

substrate, a plurality ^autornotive exhaust catajysts of the Second Preferred Ern^imer^.were prepared in the same ( . 
manner as.„those of the First Prefer .; >. i \ ^o-.-w- r : . ~:y m.' > .1- .t 

Third Preferred Embodiment , ... r . : ,: c : - „ • , j.. ^ - - - ■ ~r:> t ^ *-i \/J ^.; v .a 

Except that Ti was loaded in an amount of 0.1 2 moles, on the basis of the metallic conversion, and Zr was loaded 
in an amount of 0.48 moles, on the basis of the metallic conversion, respectively, with respect to 1 liter of the support 
45 substrate, a plurality of automotive exhaust catalysts of the Third Preferred Embodiment were prepared in the same 
manner a&thos^ of the First Preferred Embodiment. , # ■;. . T • : .. t :^^)t^,;^ : ^r: - . *\ \ ■ vi 

Fourth through Sixth Preferred Embodiments >M ^. ■ Vi . : ;r , , /. ?:: » 2 ^ r; , v . .. ' : % • , : > P 

50 Except that, jn^tead of the barium acetate aqueous solution, a sodium nitrajte^qyepus^solution, a pptas^Lum nitrate v , 
aqueous spiutiqq, or a cesium nitrate aqueous soiution w^s used, .a plurality, of ..autorr^ve^&^ust catajysts, gf^the^ 
Fourth through Sixth Preferred Embodiments were. prepared respectively in th^^s^e.,^^nnec^^ose of the Jfirst,,, 
Preferred, EmbcxJiment.. Note that, in the. Fourth through :; Sixth Preferred. ErrtDpdimeqfe, .Nay K or Cs wasklqaded in an ; - 
amount of 6.30 moles,irespectively, on the basis of f the metallic conversion, with re^pectiq 1 !yter of ^e supp^.sutetraW, ^ 


Seventh Preferred Embodiment 

600 grams of an alumina or active alumina powder was immersed into 1 liter of a dinitrodiammine platinum aqueous 
solution having a predetermined concentration, thereby preparing a slurry. The resulting slurry ,was dried to evaporate 
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the water content, and thereafter was calcinated at 250 °C for 1 hour. Thus, a R-loaded alumina or active aiurhina 
powder was prepared, in which Pt was loaded in an amount of 2,0 grams with respect to 120 grams of the alumina or 
active alumina powdfert rr ^ . *^ ■ * : m> t i * . v : ->z \ . r. . - . -~ 

A titania sol and a zir<56rtia sol were added to and stirfecfwrth the R-lc&dedalumina or active alumina powder^The; 

5 resulting mixture* was driifl'td^vaporate the water content, and was calcinated at 500 °C for 1 hour. Thereafter, in i the^ 
same manner ak set forth in thS First Ffefefted Embodiment, Ba wasYurther loaded on the alumina or active alumina 
powder with Pt and Ti-Zr composite oxide loaded, and the resulting alumina or active alumina powder with Pt, Ti-Zr ; 
composite oxide" and Ba loadSdwas cbatlSi on a plurality of troheybomb support Substrates formed of cordierite to form 
a coating la^er thereon. NbtelhSflTiEhcJ Zr are rbadetfasTi-Zr composite dxitie 6n ttie : ilufriinkW active' alumina powder 

10 wherein Ti Was loaded irrari amount of : 0.3fr moles, ?6ri the basis bf We Wefallic [mni^^^i^'b was loaded in an 
amount of 0.3*0 moles; on the basis bHh£ ifietellibcortfe^ respecf to + t2ff giBlTis of the alumina or 

active alumina powder. - 

*•■ ■ :T ';?,! : ^ or toi ;c " - ~ " ' 

Comparative- Example Nb.- 1 ■ - ^' v * -V ■ 1 jtH*,-'..^*. ^ ; - * 

Except that tetraisopropyl titanate and tetra-h'-biftoxtde zirconium were not usfcd, a pluteihy of automotive pchaust 
catalysts of Comparative Example fib. i weTepfepared in the sarhe'marihe^ 

The resulting airfbmotive* exhaust catatljj&ts were naturally free fironri Ih^W^HchlXr^ lOKJitVQ.^ : ' ^ • " 

20 Comparative Example Nbs. 2ahd 3 - " y1 - v "' r io ' - ■ 1 c ^ 

Except thaHsithTer one of tef^Mpropyl titariate'arte^^ zirconium Was' used^ a plurality of automotive 

exhaust Catalysts of Comparative i Exampfe Nos.' 4l arid a were prepared ih thfe same r mariner as thoseof the First Preferred 
EmbodlrfiShfc -Note fhaiin the auto^tK^e ©icHaust catalysts bf domparatiye Ex&mple No. 2, fr was loaded in ah amount 
25 of 0.60 mol§£, bihrthe basis of the metellic SS^erdon^With' respe^ fb 1 ifte/ of thre Support substrate.' andlhatf iri the 
automotive exhaast catalysts bf ; C^'ni^rath^\^ar^lr^a 3, ZrW&s l&fiiidTri an arrtbuhk df 0:60 nto'les, bn the basis 4 
of the melfellic don^^ib^,S^' ! res^'66t to ,A f liter of the su^rt^ubiirater^'" *7 ,? ; ' ; /[\ .'i "1 


75 


30 


45 


Comparative^Exafripl : e r No. 4 t r v ;c; 


600 grams of ah tluminabr ^jv^aidhrirha powder: iS5 gra'rris bf a zircdniaE 'fbwder; and'120 grains of a titania 
powder were mixed, and a Pt-Ti-and-Zr : loaded powder was prepared in the same manner as set forth in the First Pre^ ' 
ferred Embodiment. 

On the resulting Pt-Ti-and-Zr-loaded alumina or active alumina powder, Ba was loaded in the same? manner as set 1 
35 forth in the First Preferred Embodiment. Thereafter, the resulting Pt-Ti-Zr-and-Ba loaded alumina or active alumina 
powder Was made into a slurry* Fins^f^-plbraVit^oflibh^cdA suj^rt'siite^ irhmersed T 
into the slurry't&'form a 'coating Syer Wer^n, and : were inade^ntb tC a- pMr^iiy ; bf ' aihbmbti v^ wsfc'dxt^ysts -bf -l^bm^ 
parative Exarrpe No. 4 in thd salfne^miririS'r as sef'fbfth \h ^e First ^PrefeWed Embt^ift^^ resulting 
automotive exhaust catalysts, Pt was loaded in an amount of 2.0 grams, Ti'w&srloEided in an amount of 6.30 rfibleisr on 
40 the basis of the metallic conversion, Zr was loaded in an amount of 0.30 moles, on the basis of the metallic conversion, 
and Ba was loaded in an amount of 0.30 moles, on the basis of the metallic conversion, respectively/ with respect to 1 
liter of the support substrate. . . . _ . 


Examination and Evaluation : 


Each of the automotive exhaust catalysts of the First through Seventh Preferred Embodiments and Comparative 
Example Nos. 1 through 4 was disposed in a testing apparatus, and was examined for its NO x conversion in a transition 
area where a rich-side exhaust gas and a lean-side exhaust gas were flowed alternately for 2 minutes. Hereafter, the 
term "rich-side exhaust gas* means an exhaust gas, which stems from the combustion of a fuel-rich air-fuel mixture, 

so and the term leah^side exhaust ga^^eanVaft exhaust gas, which stems frotffth*^ combustion of a fueMean air-fuel 
mixture." table : 1 below sets forth the dbmpbsitibfts of ihVntfvside arid n lean-side model' exhaust gasek Note that the 
rich-side H a5id lean-side modefexhaust were flowed at a rate r of 2 fitir/minute. The results of this NO x conversion 
examination are summarized as T.C. (Tfe. : , Initial Conversion)* in Tabte 2 below. Note that the temperature of the inlet 
exhaus£&as^ wa£ changed to three di^?ert tempferafeie^. e^., 2f^C, 366^ and 35o °C>Here, the Nd x : conversion' 

55 is defined by the following equation: 

NO x Conversion (%) = 

{(1 - NO x Concentration in Outlet Exhaust Gas)/(NO x Concentration in Inlet Exhaust Gas)} x 100 
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Then, each of the automotive exhaust catalysts was subjected to a durability test In the durability test, a rich- 
side exhaust gas including S0 2 in an amount of 1 00 ppm was flowed for 4 minutes, and a lean-side exhaust gas including 
S0 2 in an amount of 100 ppm was flowed for 1 minute, thereby constituting one degradation cycle. Each of the automotive 
exhaust catalyst was exposed; to 60 degradation cycles. Note that, in the durability test, the temperature of the inlet 
5 exhaust gases was fixed at 550 °C. Thereafter, each, of the automotive exhaust catalysts wa& examined for its NO x 
conversion in the transition area in the same manner as described above. The results of this NO x conversion examination 
are summarized as "C.A.D.T. (i.e., Conversion after Durability 'iestfln Table 2. ~ " : 

« - ?: : . ^ TABLE 1 .. .. ^ , * 


Composition 

o 2 (%) 

NO (ppm) 

C 3 H 6 (ppm) 

(jO (%) 

H 2 (%) 

N 2 

Lean-Side Model Gas 

7.86 

570, 

1170 

0.19 

0.045 

balance : 

Rich-Side Model Gas* 

^0.25 

: ; 0 ; 

71 e 

1;.D7 

0,250 : 

balance. 



■t \\ 

35 •? 



40 


45 


50 


55 
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It is understood from Table 2 that the N0 X conversions after the durability test, which were exhibited by the automotive 
exhaust catalysts of the First through Seventh Preferred Embodiments, were degraded less with respect to the initial 
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NO x conversion?. Specif ipally, whencom^ari^^^^ whictvwere exhib- 

ited by the First through ( $eventh Pr^^ Embo^me^ts, were. smaiier than-the values';, which ^ere.exh,i^tacj by. Com*'' 
parative Example Nos. 1 through 4. This result implies that the automotive exhaust catalysts of the First through Seventh 
Preferred Embodiments were less poisoned by sulfur during the durability test than those of Comparative Example Nos 
1. through 4. J - 

Comparing the.First through Sewenjh, Preferred, Emt^iments,with Comparative Example Nos- 3 1,thrqggh 4, the ; 
automotive exhaust ,catalysts were inhibited less frpmbeing poisoned by sulfur when 71 or Zr: wasjqaded inG^ender%. 
Further, the autormrtiye exhaust^ lefs^fromibeing poisoned by sulf^ 

taneously loaded a^ir^ep^ndentoxides^usjt is apparentfhat the,autpmotiye exhaust catalysts can be inhibited to 
being poisoned by sulfur eventually when ^ V „ ^ ' '= 

Eighth Preferred Embodiment , . r:- tV -,, iW -. . ^ , . 

A titania (Tib^ sol and a zirconia (Z1O2) sol were mixed so that the molar ratio of Zr was 0.2 (i.e., Zr/(ti + Zr) « 0.2) . 
The resulting sol mixture was stirred, dried at 80 °C, and calcinated at 500 °C for 5 hours, thereby preparing a powdered 
support, which included Ti-Zr composite oxide. ^ , . , - 

A predetermined amount of the powdered support was immersed into a dinitrodiammine platiYium^aqu^us solution" 
having a predetermi ned conpentration. Jhe resuming mixture was stirred for 5 hours, dried to evaporate the water pontent, 
and caicinated.at 300 *C in air for 3 hours, thereby loading platjnurrv(Pt) on the rxnwdered support. The loading amount 
of Pt was.2,agrams with respectto 100 grams of the powdered support. Note that,100 grams of the-powdered support 
is equivalent to 1 literthereof. . :j . v1 r . t , 

Then, the powdered support with Pt loaded was immersed into a barium acetate aqueous solution having a prede- 
termined concentration. The resulting mixture was stirred for 5 hours, dried to evaporate the water content v and calcinated ^ 
at 300 °C in air for 3 hours, thereby loading barium (Ba), working as the NO x storage compound, on the Pi-loaded * 
powdered support The loading amount of Ba was 0.3 tnples^ with respe$ ; to 1 00 grams of the powderejd support. 

Finally, the R7and-Ba ; io^^ was treated by a^dpogen gas f lovy at 500 for-3 hqurs, r thereby- 

preparing a poyvcter^aut^rpfrtive exhaust jsatajyst of th^ Eighth Pr^erTed-Em^imer^ 7 " ' ' * "' 

Ninth Preferred Embodiment fc " 

Except that the titania sol and the zirconia sol were mixed to prepare a powdered support, in which trie molar ratio" 
of Zr was £.5 (i.e.. Zr/(Ti +, Zr) f .« 0.5), : a pqvydered. automotive exhaust catajystof the Ninth Preferred Embodiment was^ 
prepared in the same^anner as r^citead i in the Eighth .Prefeired Embodiment.: ' /. ,",0^^ - \ ■ ^ v 

Tenth Preferred Embodiment ' r ' 5 ' 1 ^ ^ ' -A * '! x -T^J—';* . - 

Exc|pt ,ihat the tjtania soLapd the zirconia sol were,mixed to prepare^ powdered support, in which the molar ratio 
of Zr was 0.8 (i.e., Zr/fH + Zr) =p t 8), a powdered au^oi^ptive ; exhaust'cata!yst of thefpritrv preferred Embodiment was 
prepared in the same manner as recited jn the Eighth Preferred Embodiment. ♦ 4 , f J- " , 

Eleventh Preferred Embodiment \ V \ : n , . , r i ' *. ' /'J^.^ 

Except that not only the titania sol and the zirconia sol but also extra yttrium nitrate were mixed to prepare a powdered, 
support, in which the molar ratio of Zr was 0.2 with respect to the sum of Ti and Zr (i.e., Zr/(Ti + Zr) = 0.2), and I yttrium 
(Y) was further included in an amount of 10% by mole, a powdered automotive exhaust catalyst ofthe Eleventh. Preferred ^ 
Embodiment was.prepared in.the same manner as recited in the Eighth preferred Embodiment.' The powdered support 
of this embodiment included Ti-Zr-Y composite oxide. 

Twelfth Preferred Embodiment - ^ ' 

Except thatnot only the titania soJand fie zirconia_?pl but also extra yttrium.nifrate.were^mixed to prepare a ppwdered : 
support, in which the molar ratio of.Zr was 0.5 with r : ^§pfct tq the.sum of tl and Zr (Lf.,^/'(J\ + Zr).= 0.5), and yttrjum , - 
(Y) was further included in an amount of .1 0% by mole, a^powdered automotive exhaust catalyst of the Twelfth Preferred 
Embodiment was prepared in the same manner as recited in the Eighth Preferred Embodiment. 

Thirteenth Preferred Embodiment : *■ : ~ =: - : iri 

Except that not only the titania sol and the zirconia sol butalsq extrayttrium nitrate were mixed to prepare a powdered 
support, in which the molar ratio of Zr was 0.8 with respectto the sum qf Ti^and Zr (i.e., Zr/(Tl+ Zr) = 0.8), and yttrium 
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(Y) was further included in an amounH)H0% fay mde. a powder^ ^utcSriofi thirteenth Pre- 

ferred ErTibbdim6mwas ; prepared'in the same mariner^ rbcit^d in the-£igHth;Preferrecl Ernbbdihfent. * \ 


?0 
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25 


Fourteenth Preferred 'Embodiment 


Titanium tetrachloride, zircoh)4 nitratei arhd yttrium nitratl were mixed ah* stirred'so as to produce precipitate, in 
which the molar ratio' of Zr was^2 : wffli respett to the sum of *FI ikrid* Zr ZiV(Ti +-2t) ^ 0.2), and in which yttrium (Y) 
was further included in an amount c* Wy m&te. Note that the preSipitate was produckfcfV process, 
in whichurW ami ammonium^ 

at 80 °C, and calcinated at 500 °C for 5 houf£, thereby preparing a powder^ sGppdrt, which included Ti-Zr^Y composite 

oxide. . . - , 

Finally, Pt and Ba were further loaded on the powdered support in the same manner as set forth in the Eighth 
Preferred Embodiment, thereby preparing a powdered automotive exhaust catalyst of the Fourteenth Preferred Embod- 

. - T . - • I ^ . ^ ' '■T'^JZ.^'T -}\C^ •.: . ~ " > ' v 3 - ' ' 

Fifteenth Pre ferred Embodiment ^ ^ ^ ^ T "j ^ " ^ /r ." . |y. r>1 .-.-. 

Except'that titanium tefrachlbf idi : £ireonyl nitrate, and yttrium^hlfrate wfere mixed' and sftirrSteo as to produce pre- 
cipitate, in -which" the molar ratio of Zrwas 0.5 with respect to trfe sum of Tf and Zrii.a, £r/(Tf+ 2r) = 0.5), and in which 
20 yttrium (Y) was further included in 1 ah arrtbufct of 10% of mole, a powdered automotive exhausfaktalyst of theFrfteenth 
Preferred Embodiment was prepared in the same manner as set forth in the Fourteenth Preferred Embodiment ; 

Sixteenth' Preferred EmbodimeHt 5 - 3 < ; < - 1 " - / ^ '^^XJ- ■ C*' 1 " - 

Except that ^nemteftachforide. zircdhyfiiitrat^, ard^ytWumMltfife wer^'mixecl arid stfired so afto prbdubtepre- ' 
cipitate, in which th^ rmMV ratrS"6fZr'was r ftS with \ res$ebt to^S^bffiWid Zr (i.e:/Zi^4 Zr) = 0:8). ind in which 
yttrium (Y) was further included in an amount of l ; 0^o by%ole, a pbwd^ed aWbmdtive^exfiaust ratalystof m Sixteenth 
Preferred Embodiment was prepared in the same manner as set forth in the Fourteenth Preferred Embodiment. 


30 Comparative Example No. 5 

A prWetermTri^amdijrit of aVialihnftia powd6r^1ffWa^MfK6 a "dirfitfo^immine platinum aqueous solution 
having a predetermined concentration. The resultmg r mixtyfe waistlmSd fdr'S hours; dried to WapofatelHe water content, 
and calcinated at 300 °C in air for 3 hours, thereby loading platinum (Pt) on the alumina powder. The loading amount of 
35 Pt was 2.0 grams with respect to 1 00 grams of the alumina powder. 

Then, the alumina powder with Pt loaded was immersed into a barium acetate aqueous solution having a predeter- 
mined concentration. TM resulting'^ 

at 300 °C in air for 3 hburs, therebf loading barium (Baft* working ; as; tfie;-'Npi- sttnngigb compound^ _oii the PHoaded 
alumina powder. The loading amount of Ba was ti moleswitH resfepfect to fo6 grams of thb aiumiria powder. 
40 Finally, the Pt-and-Ba-loaded alumina powder was treated by a hydrogen gas flow at 500 °C for 3 hours, thereby 
preparing a powdered automotive exhaust catalyst of Comparative Example No. 5. - ' ■ r 

Comparative Example No. 6 ' ^ ~ ■ • ■ ^ ' 5 r " ->"^ « • J 

45 Except that a powdered suppbft^was f6rme* of a TiG 2 powder alone, a powdered ; automotive exhaust catalyst of 
Comparative Example No. 6 was pre^&fed-in the^ame Hanher as retard in the Eighth Preferred Er^odiment. ' 1 

Comparative Example No. 7 

so Except that a powdered support was formed of a Zr0 2 powder alone, a powdered automotive exhaust catalyst of 
Comparative Example No. 7 was preyed in the same manner ai recitbd in the Eighth Prefferrkl Embodiment: 

Table 3 below summarizes the tem{>bsitiohs*; etd, of thVtWus prepared powdered ^ automotrve ^aust catalysts of v 
the Eighth'lhrorfgft Si^eenth Preff I \ 

55 Examination and Evaluation 

Each of the powdered automotive exhaust catalysts of the Eighth through Sixteenth Preferred Embodiments and 
Comparative Example Nos. 5 through 7 was examined for its initial NO x purifying performance as well as its NO x purifying 
performance after a durability test. Each of them was pelletized by an ordinary process. Each of the pelletized automotive 
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exhaust catalysts was weighed out by 0.5 grams, disposer) a Resting apparatus, .and.w^s.examined ifor jts^iOx con- 
version in a transition area where a rich-side model exhaust gas and a lean-side model exhaust gas were flowed alter- 
nately for 2 minutes. Table 4 below sets forth the compositions of the rich-side and lean-side model exhaust gases. Note 
that the rich-side and lean-side model exhaust gases were flowed at a rate of 2 liter/minute. .The results of this NO x 
5 conversion examination ^summarized as ^niti^NO x; Conyersion ,, in Table 3. Note that the temperature of the inlet 
model exhaust gases was changed to three different temperatures, e.g., 250 °cC 300 °C and 350 °C. Here, the NO 
conversion is defined by the following equation: ! \\ 'Z 3 x 

:; :> V ^O^Cor^ersion(%j== £ \4. \, r, t o ^ h ^ \ 

{(1 - NO x Concentration in Outlet Exhaust Gas)/(NO x Concentration in Inlet ExhausUGas)} xj6o 

Then, each of the pelfetized automotive exhaust catalysts was subjected to a durability test. In the, durability test, 
a lean-side model exhaust gas including S0 2 in an amount of 400 ppm was flowed for 4 minutes, and a rich-side model 
75 exhaust gas including S0 2 in an amount of 400 ppm was flowed for 1 minute, thereby constituting one degradation cycle. 
Note that, in this durability test, each of the pelletized automotive exhaust catalysts was weighed out by 1 gram, and 
was exposed to 15 degradation cycles. Also note that, iri the durability test, the temperaturd <#the inlet model exhaust 
gases was fixed at 600 °C. Thereafter, each of the pelletized automotive exhaust catalysts was examined for its NO x 
conversion in the transition area in the same manner as described above. The results of this NO x conversion examination 
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are summarized as *N©£ Conversion after Durability Test" in-Tabte^.; 
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It is apprepiated from Table 3 th^t the pelletized automotive exhaust catalysts of. the Eighth through Sixteenth pre- 
ferred Embodiments were better than those of Comparative Example Nos.' 5 through 7 in terms of .the NO, purifying 
performance after the durability test. This advantage is believed to result from the fact that the Ti-Zr composite oxide 
support is less likely to adsorb SO x thereon than the alumina support. , . ; ... 

Further, the pelletized automotive exhaust catalysts of the Eighth through Wh Pr^erred E 
nor to those of Comparative Example Nos. 6 and 7 in terms of the initial NO x conversion and the NO x conversion after 
the durability test. This advantage was apparently produced by making the support from the Ti,Zr composite oxide Fpr 
instance, it js believed that the heat resistance, arid acidity of the pelletized automotive exhaust cafalysts of .^Eighth ' 
through Tenth Preferred Embodiments were enhanced, by the Ti-Zr composite oxide support; and the enhanced Droo- 
erties resulted in the advantage. /'\ J" ~ H 

Furthermore, it is understood that, by further compositing the Ti ( -Zr composite oxide p^er with ytfrium, jh 9 pel- 
letized automotive exhaust catalysts of the Eleventh through Sixteenth Preferred Embodiment were upgraded in terms 
of the NO x conversion after the durability test. It is believed that the heatresistance of the^pelletized automotive exhaust 
catalysts of the.Eleyenth through.Sixteenth Preferred Embodiments were improved, bv further corrpositing the Ti-Zr 
composite oxide support with yttrium. ' ' " r ! > " 

Moreover^the cxprnparisoapf the test results, exhibited by the preferred,embodirrjents.reveais th.e following Namely- 
when the Ti-Zr composite oxide support was made from the Ti6 2 sol t and f the Zrb 2 sol (e.g.;£ighth through -Teath- Pre- 
ferred Embodiments), the larger the molar ratio of Zr (i.e., Zr/(Ti + Zr)) was, the smaller NO x cor^ersion the.pelMized 
automotive exhaust catalysts exhibited. It is apparent that an optimum result was produced when the rnolar ratio of Zr 
fell in the range of from 0,2 to 0,5, especially. ,Eyen,when the Ti-Zr-Y composite oxide support was^ade by.tfi* co- 
precipitation process (e.g., Fourteenth through Sixteenth Preferred Embodiments), it is sirrtflarly kppredaited that an 
optimum advantage was effected when the molar ratio of Zr fell in the range of from 0.2 to O.S^especially "* " 

Having now fully .described c the present invention,, it will be apparent ta one of ordinary. skilUn Ihe-aifcthat inany- 
changes and modifications can be made theretp.withput d^artingfrpm the^pirit or scope, o<*e praent ir^ntion £^ 
set forth herein including the appended claims. ^ . -.^m. 


40 


45 


Claims 



1- A catalyst for purif ying exha ust gases, comprigjng:, ;; . r .. , ^ , 
^an^alumlna support;^) 

a Ti-Zr^mposrte'oxide loaded on said alumina support; " ' 
^ least one NO x sto^^ 
and rare-earth elements, loaded pn said aiwrpna support; and - r v , ... . , " ' ^ 

a noble metal element ioaded on said alumina support. v v , - 


2. The catalyst according to Claim 1 , wherein said Ti-Zr conlposit^ oxide is Jqadecjjp i an amount of from 1 to 80 grams ! 
with respect to 100 grams of said alumina support. : " 


50 


3. The catalyst according to Claim 1 , wherein said Ti-Zr composite oxide contains Ti in a range of from 1/9 to 9/ 1 bv 
molar ratio with respect to Zr. 


4. The catalyst according to Claim 1 , wherein said NO x storage compound is loaded in an amount of from 0 05 to 0 5 
moles with respect to 100 grams of said alumina support. 


55 


The catalyst according to Claim 1 , wherein said noble metal element is at least one element selected from the grouD 
consisting of platinum (Pt), palladium (Pd), and rhodium (Rh). 
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6. The catalyst according to Claim 5, wherein said noble metal element is at least one element selected from the group 
consisting of Pt and Pd, and loaded in an amount of from 0. "Up20 T 0 grams with respect to 1 00 grams of said alumina 
support. . . v - ■ — - 

7. The catalyst according to Claim 57 wTieFeln said noft^metaf c^^ of from 0.001 
to 1 .0 gram with respect to-1 00 grams <^said-alumina support.- — — - - ~ - y - - 

8. The catalyst according'to GaTm 5, wherein said Rhis loaded in an amount of from 0.001 to 1 .0 gram, and said Pt 
and/or said Pd is loaded in an amount of from 0.1 to 20.0 grams with respect to 1 00 grams of said alumina support. 

< 

9. The catalyst according to ClSirn 6; whbrefn saSd fflt fe loaded IriVrroSirTalib" of 173 or less ^th respect to a loading 
amounfdf said Pt r and/orPd; ; "•'■3- r - ir * ■ , * _ - 

1 0 The catalyst according to Claim 1 ( wherein said nobte metal felefflerit gfoadSj oifsaid aiumrna support after Ibading 
said Ti-Zr cdmbosrte oxide: ■* . . _ . .. . 

11. A caflatySfft^ ^ 1 * '^T- ,\ . , " " 

■ ? ' "a ^UppbrtTncfuiling^a /SfiiposHe bxide/the cdr^^ 

at least one NOx storage compound selected from the flrbup consisting of alkali 'hrtetals, alkaline-earth metals 
and rare-earth elements, loaded on said support;_and ^ ^ _ ; 1 c ; ; 

a noble metal i element' loaded bri s^idsupbort " r - - - 

12. A catalyst for purifying exhaust ga£es, tx5mpriilhg: Vr ' r - ^ - *> -^ • c 

a siipr3brt including^ composite oxide, the^cbrnpbsite oxide beir^%mi&i x>f titanium (Ti), zir^cohiunf (Zr) and 
yttrium (Y); ' ~ ; > - - - 

atleast'bhe'N©^ 

and rar^Wrthelemer^ J/,^ V ^ .r ^r.tj' ci ^y.^-.hc: - 

-'-"a noble' ml^I'dSment Ibacfed orf^i&'Siiw>6rt : ' " 1 " T : :c " v 1 *J' 

1 3. The catalyst' according 1o CSarrri ttW 12:<^erein said" composite ^i6e contain! ^ald'Zr in af ranQe of frbm 0.2 to 
0.5 by mol^^tib with re^^tb s^W . ^ . u i r . .. j 

14. The catalyst according to ClaiW 

support sub^rate^me^lic^i^^ ' ; ti ' ■ ' /. T. \ 

15. The catalyst according to Claim 11 or 12, wherein said support forms a monolithic support substrate or a pellet- 
shaped substrate. 

1 6. The catalyst according to Claim 1 1 or 12, wherein said NO x storage fe^pound is loaded iri art amount of from 0:05 
to 1 .0 mole with respect to 100 grams of said support. J 7 ; 

17. The 'catalyst accordiHg to Claim element selected from 
the group consisting of platinum t 

18. The catalyst according to Claim 11 or 12, wherein said noble metal element is loaded in an amount of from 0.2 to 
40.0 grams with respect to iotfgfarris bf safcl' support. : / \ t > 
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